
UNCLASSIFIED

AD NUMBER

AD845962

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors; Critical
Technology; JUL 1968. Other requests shall
be referred to Commanding Officer, Fort
Detrick, Attn: SMUFD-AE-T, Frederick, MD
21701.

AUTHORITY

BDRL ltr, 13 Sep 1971

THIS PAGE IS UNCLASSIFIED



- I

TRANSLATION NO.//

DATE

.w

it

14 " 1Rd AVAIIABILITY NOTICE

This- document is subject to, special ex port
cdntrols and each transmittal to foreign
governments or foreign nationals may be
Smade only with prior approval of Commanding
Officer, Fort Detrick, ATTN: SWIFD-AE'-T,
Frederick, Md. 21701

JAN 16 1969-I~I

S DEPARTMENT•• OF THE ARMY
Fort Detrick

Frederick, Maryland

II

_____-______-"-.- --- -- .' w• .



Best
Available

Copy



-- -. - -"'

=M M ý no-I it/ lob'

Synthesis of t4-he inmuime-specific., po3lvpeptide.;like hapten of the

Santhrax-subtilis bacilli group. A synthetic proof of the constitution of f
natural polyglutamic acids.

by V. Bruckner, K. Kaitau-, J. Kovacs, H. Nagy and J. Wein

From the Organic Chemical Institute of Zotvos University, Budapest.

Tetrahedron, 1958, vol. 2, pp. 211-240, Pergamon Press Ltd., London

Statement of Problem.

S .Some time ago Ivanovics and Biackner (1) reported on the isolation of

the immne-specific iubstance of the anthrax bacillus capsule and have
•. Q• - shown that this substance represents a biuret-negative poljpeptide which pro-.

duces a high yield of D(!-)g1utamic acid-hydroch-.oride upon hydrolysis with

hydrochloric acid. Simultancousiy it was discovered that various gram posi-

, ) tive, aerobic, mesophilic ipore carriers (for exanple, B. subtilis, previously

I called B. mesentericus) excrete a substance in their nutrients which is easily
• r -

isolated; it seemed'to be identical with the specific capsule substance of

I . anthrax bacilli (B. anthracis). Hereafter these two polypeptides will be

referred to as anthrax-polypeptide (APP) and subtilis-polypeptide (SPP).

I - Later tests (2,3) have positively proven that both polypeptides are

W- constructed of glutasic acid residues only, i.e. they represent monotonous

polypeptides, as had been suspected following first e-mination (1,4ý)0" It

f has been proved that APP possesses a D-configurative uniformity (3,5) (con-

I sequently it is an optically pure poly-D-glutanic acid), while SPP, which

I -can be isolated from the nutrient medium of B. subtilis gruwn in accordance

with the original method (1), seeis to contain about 85% D-isomeric and 15%

L-isomeric glutamic acid residues (5). Recently it has even been discovered

I • . that the proportion of D and L-isomeric components of .SP? is strongly de-
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i 0 pendent on the method of cultivation of an identical strain of B. subtilis,

so that the incorporated L-glutamic acid residues may in some cases amount

to 80%. However, SPP preparations whose content of L-glutaeic acid residues

is stronglhr in excess of 15-20c have not yet been tested serologically. On

the other hand it has been discovered that SPP obtainable by means of thej: ;I original method (1) shows as marked a serologic reaction as APP: Solutions

of both polypeptides show a precipitating reaction (1) with anti-anthrax

4 nim e sera down to a dilution of 3.2 1 106. According to immune-biologic

tests APP as well as SPP (obtainable by means of the original method (1) are

to be considered imn-pc ficaptens (semi-antigc~ns) of the atrx

subtilis bacilli group.

It was inferrible from the results of a specific degradation to which

APP and SF? were subjected that both polypeptides constitute gaiuma-po2.y-
-. t1 glutamic acids (III) (7). The reliability of this conclusion was first proved

" indirectly by the analogous degradation of synthotically prepared alpha-poly- I
-L-glutamLc acid-gama-methylester and its D-antipode: alpha-gamma-diamino

butyric acid (in the form of its diflavianate), which is the degradation

" product characteristic of the alpha-glutai~l bond, could be obtained, while

beta-formyl propionic acid, the characteri.stic degradation product of the

gamma-glut•wl bond, could be proved neither preparatively (for example as

p-nitrophenyl hydrasone) nor chromatographically (8,9). Recently a direct

proof of the usefulness of constitution-determining degradation was estab-

lished, and this by means of the synthetically accessible (10) alpha gamma-

po3iy-L-&Iutamic acid methylester, which is distinguished by constant altern-

c.Uon of alpha and gami-glutanyl linkage in its peptide chain. In this case

both of the expected degradation products were actually obtained preparatively.

:2
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Q It was decisive in constitution-determination oa* APP and SPP that the

synthetic alpha-poly-glutamic acids 1•, characteristically different from aPP

or SPPp not only by virtue of the result of the specific degradation, but

also in respect to their properties (i.e. very poor solubility in water,

positive biuret re'ction, racemization in alkaline solution, no serologic

reaction). This refutes the report of Hanby et al (3,11) that APP contained

predominantly alpha-glutam'l bonds (and thai1 the APP originally isolated (1)

contained these exclusively). (12,13)/
After first searching for the most suitable way in the L-series, the

final step in constitutional proof has now been conducted: The synthesis of

APP, i.e. of gamma-poly-D-glutamic acid (IM). Simultaneously with the last

mentioned preparations and independeitly of us, Waley (14) also has acconp-

"lished the synthesis of ganma-poly-L-glutamic acid (IIla). Waley used the

r same dipeptide derivative as key substance for the synthesis as we did (see

below: L-L-start dipeptide; 1a); furthermore, essentially the same direction

was taken in synthesising the latter. Beside the gaima-poly-glutam4 c acid of

[ the D and L sriGes we have also synthesized gamma-poIy-(gamma-L-glutaWl-D-

glutamic acid)(Mc). This type of stereo-isomeric gamma-poly-glutamic acid.,

which can simply be called mesoid gama-poly-glutamic acid (I3Ic), is dis-. .

I" tingaished by the fact that L and D-ganma-glutarql residues constantly altern-

ate in its peptide chain. This product was meant especially for comparison

with SPP.

, \General plan of the syntheses.

The synthesis of 6bove-mentione,'hree stereo-isomeric gamma-poly-

glutamic acids were phased as follows. At first the g$au-g utauql-glutamia---

-~-. acid- Ipha-aip "'-,diuethylAter (i) -of the corresponding steric series was

_77M
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subjected to intermolecular polyacylatio% whi h led to formation of gamma-

poly-glutarnic acid-alpha-mothylester (U). ahi conversion was accomplished

* in as concentrated a solution as possible, iii order to minimize the possibility

- of formation of cirlopeptides. From the structural viewpoint it could be

-* assumed that in the polyester the teri nal caboxy3. or amino grup is still

existant in its activated form. (cf. for example thes formulas XVI., XXI and LM).,

however., in the course of prodaction of fre poly acids from corresponding

po2yesters such groups are again coy dto free carboxiyl or amino groups.

In the produc~tion of eree polyacid (l)The polyester was subjected to alka-

l ins saponification., then the polyacid was separated first in form of its

- .::difficultly soluble copper O salt., liberated from the latter by hydrogen

staphide, purified by means of dialysis and thus freed of lower oligopeptides,,

and finally produced from the solution by freeze drying.', It should be

mentioned that polyesters, in dimethyl-formamide solution associate strongl

wit ths slvetand are water soluble; this fact made poas~ibeteierI polation of an aqueous dialysis in connection with the polyester.
- ~Synthesis of the stereo.-isoxerio start dipeptides.

We (12) have alrzeady given a full account (as has been done independently jj
by Waley (14) of the synthesis of the L-L-start dipeptide., i.e. the gamma-L-

7glutamyl;-L-glutamio acid-alpba alpha -dirnethylestor (14). A few differing

observations are given by way of the analogous synthesis of the D-D-sta~rt

-dipeptido(I)
Uý4-N
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Q The synthesis of the D-D-start dipeptide., i.*. of the ganmma-D-glutamyl-

D-glutamic acid-alpha alpha -dimethylester (Ib), which was conducted in exact U
imitation of the synthesis of the L-L-start dipeptide (Ia), took the follow-

ing course. Carbobenzoxy-D-glutamic acid-gamma-hydrazide (IV) was coupled

via (non-isolated) aside (V) with D-glutamic acid-gamma-benzylester (VI) to

carbobenzo.c-gamma-D-glutazml-D-glutamic acid-&ammal-benaylester (VII). The

directly resulting crystalline prodnct was, according to expectations, con-

taminated with a little carbobenzoxy-alpha-D-glutayl-D-glutami!, acid-gamma'-

benzylester (IX), which could not be completely removed even by repeated

recrystallization. This result,, which naturally also applies to the totally

identically synthesized L-L-product VII is in conflict with the observations

made by Waley, who reported that upon reaction of L-acid aside V with the L-

benzylester VI to form the derivative VII of the L-L-start dipeptide, the

otructure-isomeric L-L-derivative IX does not result simultaneously, or that

it is not contained in the crystalline reaction product. In spite of the

light contamination of product VII the synthesis was continued successfully.

* • The next step was the coversion of product VII (in methanol solution) with

diazomethane to carbobezrzocyý-garm-D-glutaiV3l-D-glutazmic acid-alpha alpha'-
dimethyl-gamma'-boazylester (V3I),, whith was obtained directly in crystalline

form and which could very :asily be recrystallzed from methanol reby the
Sconversion product Of the structUre-isomeric components., carbobenzoxy-alpha-

E ~D-glutamyl-D-glubamic &.•id-ga~mm alpha |-4iethyl-gamma,-benzylester (X),

remained almost completely in the mother liquors. The hydrogenolysis (Pd-

animal charcoal, methanol) of derivative VIII finally produced gamia-D-glutamyl-

D-glutamic acid-alpha alpha'-diretbylester, i~e. the D-D-start dipeptide (Ib),

mhose paper chromatographic analysis showed that the admixture of structure-

isomeric compound XI amov-td to a aaid=m of 0.5%. The crystalline L-L-start

5All ~ - -- - - - ~ -
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- dipeptide (Ia) contains 1 mle of crystal 'water (12), as also found by Walay

(14). We have deteruined, contrary to Waley, that the crystal water cannot

be removed by ordinary drying (except perhaps in the vacuum pistol at a

moderate temperature) without secondary transformation. Of course this also

applies to the D-D-starb dipeptide (Ib).

By the method described above the L-D-start dipeptide also was synthe-

sized, i.e. gamma-L-glutamyl-D-glutamic acid-alpha alpha'-dimethylester (Ic);

the first step consisted of converting the L-azide (V), which had been freshly

prepared from carbobenzo.-L-glutami¢ acid-ga=na-hydrazide (IV),'by means of

!D-glutamic acid-g•ma-bensylester (VI) into carbobenzoxy-gamma-L-glutazyl-D-.

glutamic acid-gama'-bens'lester (VII). Again all.intermediate products, vith

* the exception of L-azide (V) which was not isolated, proved to be well-

crystallizing compounds.

Conversion of thd stereo-isomeric start dipeptides into gamma-poly-

i glutamic acid-aipha-methylesters (II), the corresponding st-Breo-isomeric forms.

Follow conversion of the carboxyl or amino group into a reactive group,

the intermolecular polyacylation of the bifunctional start dipeptide (I) could

be accomplished easily, leading to the polyester (II). This activation, which

in this case happened simultaneously with the intermolecular conversion, took

place in four different mays (method 1-4) in respect to the L-L-start dipeptide

(Ia). In connection with the more costly D-D-start dipeptide (Ib) and the

L-D-start dipeptide (Ic). only two and one method, respectively, wera used

(methods 2 and 4, and method 2, respectively).

(1) The first method reprasents a commensurate alteration of a process

ii•ich has already been stated: At first ca-bobenzoxy-gana-L-glutamyl-L-

glutamic acid-alpha alpha -dimsthylester (XII) was produced from the L-L-start

NJ dipeptide fIa), then according to Boissonnas' method, converted to the mixed

"••i•6



aster anhydride XEII by reacting with chloroformic, acid-ethylester in ice cold

dimethyl formamide solution in the presence of 1 mole of triethylamine. The

mixed ester anhy&ido, while in its ice cold solution,, was subjected to V•dro-

genolysis following addition of Pal-animal charcoal. This process was not

effected in a closed container., for reasons which have already been discussed

elrei,here (12)., but was conducted with a current of hydrogen. The yield of

002,, which was determindd in the escaping gas.. did not cease at 1 mole, a

sign of the fact that under the prevailing test conditions there occurs not

only hydhogenolysis of the carbobenzoxy group (XIII-->XIV--4->XV), ut als

marks the start of intermolecular polyacylation. of the resulting bifunctionai

derivative XV (1V--4XVI). In order to further the latter process., and after-

the yield of OD2 (totaling 1.36 mole) had practically ceased., the reaction

S~mixture was mildly warmed (60°C) following addition of 1 pole of triethylamine.

It is to be assumed "that the mixed anhydride XV is able to transfer not only

the acyl group, of the L-L-start dipeptide (H2N-A-CO-) to an amino Zroup,. but
also -if in ller proportion -- ts cabethoxy group. In the latter case,"-

S howevera, the intermolecular polwacylation stops, since the N-cariethonc group

cannot be fydrogenoldzed. Although this premature cessation of intermolecular I -

polyacylation cannot be avoided,o the P nst rsults nevertheless show that the

poldibsperse conversion product wIt also contains components of relatively

high molecular weight.

Taking into consideration the observation of Boisdannas and t chun (17)e,

that the formation of ester anhydride from a carbonydic acid anion and chloro-

formic acid ester is not essentially hampered by the simultaneous presence of

fdee amie groups. the afoIementioned procedure could now be simplified, In

Othat t he temporary blockacg-of the amy group of the L-L-start dipeptide

7
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t~J (Ia.-XUz) for the purpose of production of the mixed esteric hydride XT
* could be dispensed with. The formation of the Polyester XVI also occurs when

an ice cold solution of dimetWi-formamide of the I-L-start dipeptide (Ia) is

first treated with 1 mole of triethylamine ard 1 mole of chiorofo.mic acid-

ethylester (la-ZY) and then, following admixture of a second mole of trietbyl-

amine, is mildly warmed (XV-XVI). It should be noted that the polyester was

obtained in water soluble form, following evaporation of the solvent, and

therefore can be dialyzed against water. In order to mirimize the possibility i

of N-carbalkoxylation during the second reaction phase, another test utilized *
" isopropylester (18) instead of chloroformic acid-etbylester; simultaneously

and prior to the reaction the detyl-for de solution of the Irsta

dipeptide (Ic) was dehydrated by means of azeotropic distillation with toluene.

Here, too, the-formation of the polyester (XV) progressed smoothly; however,

the increase in yield wa negligible (43.3%, against 38.5% of the theoretical

Yield). It was found, however, that free poly acid purified by dialysis could
be obtained in a better yield from this polyes ter'(see table 2), a sign of a

larger fraction of higher molecular components in this polyester.

(2) The seond method, utilizing Wieland and Bernhard's (19) peptide and

polypeqptide synthesis, was applied to all three stereo-isomeric start dipep-
tides. Accordingly the carbobensoxy derivative of the L-L-, D-D- or L-D-start

dipeptide (XII from Ia,-Ib or Ic) vas converted via the mixed anhydride/wih

thiophenol to thiophaqlester XVI, and from it the hydrobromide of the start
dipeptide-thiophenylester (XIX) was formed by means of glacial acetic acid-

hydrogen bromide. When its azino group is liberated in acetone solution by

means of triethylAnine, then the resulting primary product XX is subjected to! i • intermolecular polyacylationj, leading to tbe polyester In., a poesthat

can be furthered by arming' (sýe fore la on page 217).

- 8
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S(•) The third method is baped on processes first used by Sheehan and

Hess (21) in the synthesis of di- and tripeptides. As is known, a dipeptide

can be produced by this method in such a way that an amino acid with a pro- 4
tected (for example, acylated) amino group Xxii) and an amino-acid ester (Xxi)

can be condensed by means of dicycloheaylcarbodiimide (Xxiv). The reaction

takes place at room temperature, whereby the bypoduct dicyclohexylurea (XmVI)
A

results, in addition to the dipeptide derivative XXV. (See formula on page 218).

The mechanics of the condensing effect of dicyclohexylcarbodiimide (and

other carbodiimides) was explained by Khorana (22). We are dealiýg with the

activation of the carboxyl group, the first phase of which consists of the

following: The reaction components with a free carboxyl group take on carbo-

diimide, whereby the 0-acylated iso-urea derivative (XXV•Vs-) 's formed, which

is inherently able to transfer its acyl group to amino groups. It was con-

cluded that this method, which could serve in the development of a single

peptide bond, could also be used in poly-autocondensation of the bifunctional.

start dipeptide (I), provided the free amino oup - in mite of its nucleo-

phi2ic nitrogen atom - does not decisively prevent the formation of the

reactive intermediate product (1X0VIIb). Such a competitive reaction would lead

to the formation of a g'anidine derivative (XXVIII), vhich is probably stable,

and thus mould bring about a termination of the intermolecular polyacylation

process.

Model tests with dicyclohexylbarbodtimide and various primary amines have

showa that formation of guanidine derivatives is impossible under the test

conditions used in connection with poly-auto condensation of the start dipeptide

(I). This is confirmed by tests with the L-L. ard D-D-start dipeptide (Ia and

Ib): If dicyclehazylcarbodiimide (xlV) is dissolved in the dimetbyl-formamide

"solution of the start dipeptide (I), the result after a few minutes, even at

79
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I -*carbothiophersl start dipeptide (,IX;" A as in XVI)., the mixed. anhydide "

X2CII, which would be capable of intermolecular poI acylatiah, Just as the Ni.ý

carbothophenyl start dipeptide (M=). Tests with e L-L-start dipeptide-

S(7al showed the follouing: If a Puspehsion of the L-L-start dipeptide is

i~xed with a n~aely Oquimolecular aount of chlorothioformic acid-phenyleste6r

ifr ice cold, triethylamine-containing chloroform, and the mixture is shaken,

t• a" considerable lpotti, i of the used start dipeptide jdIl immediaeyd%.ws•

solve through sel'-heatlfg of the mixturea From the solution a colorless

product (.primary conversion producti) is isolated; if the benzene-pyridine

soluti•n of this substance is warmed. (900C), then a gradual liberation of a

rubstance of hi4 zolecular weight takes place, which, according to its

prophrtlyes ard anar cil data represents the gama-poly--glutamic acid-

Since the labile "primary conversion product," which probably is non-

honmogeneous, has not been wholl2ydefined as yet, we have started farther ex-

aminatiorn, in order to clarify the foregoing reactions, and which shall be

j discussed later. For the time being it should be noted that the whole pro-

1edur. is much more complica*ed. Mixed anhydrides of the type naOI namely

I cannot be isolated, since they shift to carboxylic acid-hydrides (XXXIII)

I1 •ediatyfolcifo dng lormation. It i assumed that this shift is connected "

with dispropor ning, -which srooreses in accordance with the equation

-Io M:(osfrl npg 220).

It ehould be possible to lmmeedzately intercept the heretofore unknown

anbydride XX1XV whose capability for existence seems very questionable, by-

means of amino groups, whereby,- in addition to carbon dioxyde and thiophenol,

ti ore should form an N-carbothiopheryl derivative (type XXIX).* It has been

Sdiscussed elsewhere (24), just what conceptions can be arrived at regarding

31.-



.7j MIT I

C ~the composition of the "primary conversion product" and about the mechanism

.of it's conversion to polyester (2a).

Supplamentall27to the^ aforementioned four methods i.t should be repeated

-tbat Waley'(14) has effected the- synthesis of the L-L.-start dipeptide (Ia),

independently. He has also accomplished a poly-autocondensation of the L-L-

itart, dipeptide to Zama-poly-Lr-SLutamic acidvaJlpha-mothylester (h~a), and

'this bymaso er-.ethylpyrophosphite., i.e. with a method first used by

Anderson et al (215) in. peptide synthesis. It should be noted that the gamma-f

-poly-I.-glatardc acida (IIobt~ained by waley (14) by sapornifiation of the

'<poyester,, contains 0.6% bound phosphorus. We have duplicated the process

e~octyand found it less satisfactory than methods 1-4. It should further

be noted that Waley to date has uuot reported on the synthesis of the D-P-startI

.dipeptide (Ib) trA the L-D-starb dipeptide, nor on their poly-autocondensation.

Comparative degradation of the'synthetic Sumi-oyI~gua~ acd

-a2pha-msthylenstr.

In order to obtain a corresponding comparison with APP and SPP esteri-

-daced by the second method, was converted with llquid ammonia to the

corresponding polyazaide (Uaw. R equals NH2 instead of R equals OCH3 )-, thenK

subjected to Hofmann's aegradation and immediately. hydrolyzed with hydro-

2 . chioric acdd. F--,= the hydrolyzate beta-forumyl propianic acid was isolated

in the form of its p-nitrophenylhydrazone; iwiereas alpha gmam-diazd~no butyric

acid, the degradation product (S.,9) characteristic of the alpba-glutanm'l bond,

could not be demonstrated. As is Imown, (7), the identical degradation of the

polyzatehyAstar produced fro&-APP and- UP resulted in the' same conclusion,[

which has- been considered as proof of the predominance of gamm-glutamyl bonds.

- 3.2



Production of gSamm-poly-glutamic acids from the corresponding

polyesters. . 5]
It has been mentioned that, in order to obtain free polyacids, the

I ariously produced polyesters were subjected to alkaline saponification, a#4

the polyacids were isolated via their difficultly soluble copper(II)salt .

One must take into-account that during these operations firal carbo.Vl and

amino groups may be liberated, which should occur in blocked form in the

synthetic polyester (for eample I, XXI, Ma, ), but a regeneration of amino

groups which possibly combined with guanidine voups (type XxvIi) during the

-course of the third method can hardly be expected. ".

The stereo-isomeric gamia-poly-glutanic acids obtained in the above

manner, i.e. gamma-loly-L-glutamic acid (132a), "gamma-poly-D-glutamic acid

" "(IM~) and mesoid gamn-poly-glutaimc acid (3IIc),, represent snow uhite pro-

8 ducts resembling down. wbich are easily soluble i( fter; they-do not show a

biuret reaction, and their ninhydrin reaction is only very weakly poitive in

comparison to gaim-L-gluta=Wl-L-glutamic acid (for quantitative data see the

test chapter). All of these properties are equally applicable to. APP and SP..

The question prfsents itself here, whether the alkaline saponification of

gauma-poly-glutamic. acid-alpha-methylester might not be accompanip! by an

intramolecular, partial alpha-gamma transpeptidization. Battersby and I ,.

Robinson (26) namely have found that alk=line saponification of the ethyleste Ir

of N-acetyl-diglcyl-alpha-L-glutayl-glycine-hxylanide (partial forwla:

lXI) is connected vith a far-reaching alpha-gamma tr peptidization (and

complete racemisation), so that a mixture of structure-iomeric peptide XXXVII

and XXiVII is produced, in which the derivative with a gamma-glutarWl bond

_even predomirates. This process my be c•lained thus: A 2:6-diketopiperidine

derivative (XXXVI) is produced by means o" transitional cyclization, which, as

"T IN! T
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0 si•_•.secondary acid amide, undergoes a hydrolytic ring cleavage (XIIVET.-XXKVI-•."
XXXVII ) (see forima on page 221)o In this connection it .should be noted

thit intraMOlecular trnspeptidization of structure-isomeric glutqmyl peptides

'(type XU I and XVIII) with a free carboVI" group has been effected in our

institute previously (27), although by means of a different methd, and this

-in both directions (alphaa ). Thereby the intermediate cyclic compounds

(type =aI) were obtained in crysta•line form and their bh-djrectional hydro-

"-lytic ring openif (MMIM<VI,-]X--X-I••9.* LI) .(under the effects of diluted

lye) was proved beyond a doubt (28).
Since, according tp our experience (28), this transpeptidization always4

-. produces a mixture in which the gazma-glutanyl compound (XXwmII) exceeds the

alpha-glutamWl compound (XWXVIII) by approximately tenfold, it will not be

necessary to anticipate an extensive ga -- alpha transpeptldization upon

-. saponification of &a -poly-glutamic acid-alpha-metbylester. Moreover, the

_ g. a-4alpha transpeptidiation -is rde more difficult here by the fact that

J -" " " "during the approach of the e;iterified carbo.V1 group of a gamma-glutanyl

, residue (XXVII, C0OOQ 3 Instead 'of COOH) to the respective nitrogen atom, two

l2og chains (R an'Q) must.co-v..brate., Conversely, one can anticipate that

".upon alkaline saponification -of an aipha-poly-glutamic acid-gamma-ester
(partia forn -iVa I V) the necessary chain vibration will occur more easily

and for this reason an alpha-4gama transpeptidization will take place more
:'iiJ -. effortlessl•y. "

e In full accord.th these conc1U.ionS, Volcani (29) has found that an

enzyme isolated'by hi., uhich sPecifically splits gamm-L-glutamyl bonds,

degrades our syntheti• c gamaa-oly..lutaide acid (lIa) up to 95% to L-.j Utic. acid., "This -- y betaken as proof of a very low percentage of alpha-

Qj glutal bonds in this synthetic prodact, and also as proof that no important I

.1..
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(9 racemization has taken place during the course of the synthesis.

Moreover, the optical purity of some of our end products was tested by.

complete hydrolysis with hydrochloric acid; the specific rotatory power of the
resultant glutamic acid was only slightly lower than that of optically pure :

L or D-glutamic acid. These tests mmst be repeated on a larger scale and

extended to all end products. It should be mentioned here that ga mna-poly-L-

glutamic acid (Lia) obtained by the second method showed the specific rotato:r

Sof equals -23.8o in water, while the specific rotatory power

of its natural antipode (IMT)., i.e. of APP, measures Lapýýoeuasý351
This excellent agreement could hardly be considered a strict proof of the

optical purity of the synthetic product, since the specific rotatory power

depends on the molecular weight of the polyacid; an ironclad "etermixation of

molecular weight has not yet been accomplished, however (see below).

As in all syntheses of materials of high molecular weight, polydisperse

products were formed. It ias stressed that preparations of higher mean mole-

cular weight should be removed from the mixtures by means of constant dialysis

- unless this decreses the yield - if they can no longer be partitioned

paper chromatographically (phenol-water) and remain immovable at tUe starting I
point. Dependable determinations of the molecular weight of our products are

still lacking; for the time being their average molecular weight has been- con-II
cluded from their amino nitrogen values (van Slyke), Just as this had been done

previously with APP and SPP. The amino nitrogen values of our synthetic end-

products fluctuate (depending on the extent of the dialysis, which had to be

curtailed in some cases due to shortage of materials) between 0.16 and 1.5% 1
(in connection with the mesoid polyacid (I3ic) only a preparation with the I!
amino nitrcgen value of 2.9% could be obtained so far, due to shortage of -

naterials), while the azino nitrogen values of APP and .SPP preparations

115.- ~ ~ e~.fl ~ Ji
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obtained by the original isolation method (1) showed a fairly constant

0.18-0.20%. Due to the splitting of the N-terminal gamma-glutamorl bond,

•which has been observed (30) in connection with van Slyke's rethod - at

.i' least i the case of oligopeptides -- the average molecular weights, v&ich

.are measured by amino nitrogen values, are probably distorted to unreality

" toward the lower values. The extent of this distortion is shown elsewhere

(24). Nevertheless the ratio of their average molecular weight may be

"--.'approximated from'the amino nitrogen values of natural polyglutamic acids

-- -obtained by the7 original method (1),*- provided van Slyke's deteraination is

effected on all samples under exactly identical test conditions. This corn-

+ -. parative evaluation of relative molecular weight is admissible with the

_natural products, because they are practically homodisperse. On the other

band, this comparison is hardly valid in dealing with the polydisperse syn-

V " "..thetic products (unless it be a comparison of one with the other, or with APP

or SPP), eapecially since the average molecular weight has no real value

without knowledge of the quantitative distribution of the indlvidual compon-

eats. However, if the possibility of presence of cyclopeptides is ignored,

" °+then it may be assumed, without committing a gross error, that, for example,

a synthetic polydisperae gamma-poly-glutamic acid with an amino nitrogen

value of 0.5% (calculated molecular weight 2800) may contain components whose

molecular weight reaches that of the natural product (amin nitrogen value

0.2%, calculated molecular weight 7000). In this connection it is to be

assumed that the real molecular weight may amount to six times the value

which was computed from the amino nitrogen contents by means of van Slyke's
method (24)..

In the near future we plan to make an ironclad determination of the

-,average molecular weight by means of other mnthods. At present, tests with

16
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0larger amounts of starting material are under way, whose first goal is the

production of ganms-poly-glutamic acids of mch higher molecular weight and

a closer approach to homodispersity.

As long a9 the tests with larger starting amounts are incomplete, a final

decision cannot be made on the most reliable method of synthesis among the

four mentioned above, since this evaluation is interdependent on the moleculcr

weight, the yield (computed from the start dipeptide) and the assured means

of production. Moreorver, the optical purity of all end products must be
tested on larger amounts of the substances.' Judging by test results to date,.
which are sunmarized in Table 2, the first method with utilization of chloro-

[ formic acid-i-propyleater seems to be the most favorable (yield 9.b% of the

theoretical yield, applied to the start dipeptide; amino nitrogen after van

ske 0.64%).

Serologic comparison of the isomeric ganma-poly-gliitamic acids with

APP andl SPP, respectively. .

Prof. Ivanovics (Microbiological Institute of Szeged University) has .

subjected the synthetic, stereo-isomeric gamma-poly-glutamig acids to serologic;

tests and has examined polyglutamic acids of other types in the same manners

which also were synthesized in our institute. Professor Ivanovics himself

reports on these tests in detail (see appendix). In this connection it should I

be stressed that solutions of gamma-poly-D-glutan&c acid (just as solutions of

APP and SPP) diluted up to .106 showed a precipitating reaction in antianth=a

immune sera, while this reaction did not occur with gammu-poly-L-glutamic acid.

Simultaneously, the polydispsrsit• of the synthetic products was proved bW

means of serologic tests after Ouchterlony (31).

It remained to be determined that all properties of the synthetic gamma-

poly-D-glutamic acid correspond to those of anthrax polypeptide. On these

17. •
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ground@ and tlie resultis of previous degradation tests (7) it may now be

affizzmed that the- anthrax polypeptide is to be considered as being gamma-po3,y-

D-glutakic acid (IITh). By the synthesis of this polyglutamic acid the total

syntheis .f a natural hapten has been accomplished for the first time.

In regard to the constitution of the subtilis polyneptide it must still

:..be decided whether we are dealing here with a mixture of ganma-poly-D-glutamic

acd(1th~) ar4 Vgama-polj-L-glutamic acid (ITI&), or whether glut~amic acid

coomponents- of oppbised configuration may occur in association in one polypeptide

chain. According to observations made by Prof. Ivanovics the mesaid gamma-

poly-glutaic, acid (Ilia also showed a positive serologic reaction. Conse-

quetl.- hepossibility of assoitef occurrence of D and~ L-glutande acid

the.....- scia. g

'Components in the peptide chains 'of S? cannot be ruled out a priori.

Fira2ly it thould be stressed that only gaama-pos y-D-glutamic acid and

~~ mesoid ga~ma-poly-gluutaJ~c ,acid showed a positive serologic reaction., while

heretofore tested poly-glutamic acids of different constitution have proved to

be inactive serological3,y.

Description of testis.

Synthesis of the start dipeptide (I) and its carboxyl-activated derivatives.

(a) Synthesis of the L-L-start dipeptide (Ia) and its derivatives.

L-L-start dipeptide; ga-pa-L-tlutamal-L-glutamic acid-alpha alphai-

"-, dimethylester (Ia). The synthesis of these compounds has alrea por been de.-

cribed by us (12)., and independently by Waley (14). Differing observations

-were pointed out in the theoretical part.

.arbo teho nId e tresses tatoy acid-alpha alpha--dimethylesderd

e(oIId, L-L-form). see our previous paper (12). Melting point 109-1100 0.

Lheeoo equals -28.3 ( c qua1s 11.8; methanol). cov
a]18
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JCarbobenzo•-garma-L-g1utamyl-gamm,-L-lutamylthiophenol-alpha alpha'-
dim€thylester (XVIII; L-L-form). An ice cooled and stirred solution of 3.49 9
of carbobenzoxy-L-L-atart dipeptide (XII) In 20 ml of absolute tetrahydrofurane

was :frtmxdwith 1.12 ml of absolute triothylarine,, then with 1 minut,

-~ a mixture of 0.77 al of chioroformic acid athylester and 2 ml of absolute

tetrahydrofurance was added drop by drop. After an additional 15 ziinutes a

solution of 0.87 ml of thiophenol. in 3 ml of absolute tetrahydrofurane was

added drop by dro (within 30 minutes) to the mixture, Virch was permeated

with crystals of separated triethyl ammonium chloride; the mixture was stirred

for another hour at room temperature and then allowed to stand for 14 hours.

Now the mixture was dried under rvduced pressure (bath at 25c), the residue

then washed on the filter, first with a total of 140 ml of water, then,

S .following suction drying, with 20 ml of petrolether, and finally stored over-

night in the vacuum exiccator over P2 05 and. paraffin. This crude product

(3.6 g) was initially recrystallized from 60 ml of a mixture of equal parts of

benzol and petrolether (melting point 124-1260 0). Following one-time re-

crystallization of this products, 2.73 g (64.6% of the theoretical yield) of an

analytiitlly pure substance with a melting point of 134-135C was obtained.

[alpha] equals -9.6o (c equals 4.0; tetra.ydrofurans..

C26 H3o° N2 8 (530.6) ..

Reported: C 58.85, H 5.7, N 5.3, CH30 11.7

I Found: C 59.0, H 5.7, N 5.7, CH3 9 11.9

ei I drobroiide of the gama-L-glutamyl-gamna,-L-glutal-thiophenol-aipha

alpha'-dimethylester (XIX; L-L-form). 3.5 g of the pure L-L-thiophenylester

. jVIIwas 'Issolved in 35 ml of absolute glacial acetic acid-hydrogen bromide

j (10% HBr), the solution was allowed to stand for 1 hour, then mixed by stimrring.

19.
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with 100 ml of absol 4 te ether, whereby the hydrobromide XIX separated ac a

sticky product. Following pouring off the luid, the product was treated

three times with 100 _ 1 of absolute ether each, causing iz to turn into a

powder. This was washed tudce more with 50 ml of absolute ether each

(suspension, pouring off)i then dried in the vacuum exsiccator over sulfauric

acid (3.0 g). The product is very hygroscopic. attempts at crystallization

were unsuccessful.

•--.-(b). Syfthesis of'the D-D-start dipeptide (lb) and its derivatives.

. .... Carbobenzozy-D-glutamic acid-gamm2-hydrazide (IV; D-Form). The compound -'

was produced in the same manner as the corresponding derivative of L-glutamic

"acid (i2). First the hydrochloride of D-glutamic acidZ-gamma-methylester

(30 s; melting point 156-158oCO; jalphaj equals -24.2 0 (c equals 9.35; water)

was obtained from D-glutamic acid-hydrochloride (52 g), then 28 g of the

ester-hydrochloride yielded carbobenzoxy-D-glutamic acid-gamma-methylester,

which was mixed with hydrazinhydrate while still In its crude form. The

initially resulting, crystalline carbobenzoxy-D-glutamic acid-gamia-hydrazide

(27 g; 64% of the theoretical yield) melted at 168-1690C (decomposition) and

was suited for further treatment. After one-time recrystallization from

aqueous alcohol (1:2) an analytically pure product was obtained which melted

at 177-178OC. alpha) equals /li.5° (Z equals 10.75; n-,hTdrochloric acid). p

CJL3 H17 Q25 N3  (295.3) 1

Reported: C 52.9, H 5.8, N 14.2

Found: C 52.3, H 5.85sN 14..

D-glutamic acid-gammas-besylestar (VI; D-Form). By use of the method
described in the production of L-stereo-isomers (12), 22 g of D-glutamic acid

yielded 13.8 g (39% of the theoretical yield) of D-glutamic acid-gamma-banzyl- i

_ _ _
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ester with a melting point of 16?-168°C,1 which had been recrystallized once "in

from ,water and which was suited for further treatmnt. The melting point re; -,--•-

nained constant after several recrystal~iztions. Ipbal-81°' •'-" '+ ! -

(c equals 9.8; n-hydrochloric acid).•
. 0

Reported:' 0 60.8, H 6.3s N 5.9"

Found: C 60.631H 6.2s N 6.1 N

Carbobenzoxy-&amm-D-ýlutanyl-D-glutanic acid-gamma'-benzylester M•I;

D-D-Form). Produced in an analogous manner to the stereo-isomeric L-L-product •

(12) from 23.7 9 of carbobenzoax-D-gl-utamic acid-gama-bydrazide (IV) with a

melting point of 16--169l0 and 18.9 g of D-glutadic acbd-gaen-benzylester (VI).

The yield olf directly restating crystalline product was 21,4 g (61% of the •

theoretical yield,, upon deduction of the unchanged.be-nzylester., 2.2 g). • •

Mfelting point: Drawn 153-159°DC, after sintering 130. tlhouh the product

is rendered inpure by the structare-isomeric compound 1X (sea the general part

and elsewhere (12), u further treatment was nevertheless continued- For the

purose of anaysis a sa o (2 g) was recrystal]ze once from alcohol (10 ml). i

N I

Meting point 160-16C,e afteer rerigl I o°. -a3bljp equals 8.7o( c equalso-

c.7; methanol). " -yrclrcai)

Reported: c 6o.0, H 5.6, X 5.6"

Found: 0 59.6, h 5.7, N 3.6 I

Carbobenzoy-3. gaof -D-cla n l-D-glutamic acid-alpha alph) -dimethyl-

metn on f1819Cad1. fDglutaxic acid-ganma-benzylesterOM wihamlngpnto15190 (sIee

21'
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0 of the D-D-start dipeptide (Ib). 0.3 g each of product VII (D-D-form) with

a melting point of 160-162 0 C and its methylated derivative (VIU; D-f-form)"

* :with a melting point of 319-12D°0 were hydrogenolysed (Pd-.'Anmal charcoal, .

10% Pd) in 80% acetic acid (25 ml). The filtrate was boiled do'wn under re-,

I duced pressure and the two residues, along with 0.3 g of the D-D-start di- --

peptide (Ib) with a melting point of 129-130oC were di•solved in 50 ml of wateri

each. o.ol ml of each of these solutions was chromatographed. Solvent:

Acetic acid-n-butanol-water 1:4:5; ascending chromtography on 1•acherey-Nagel

paper #518; development with ninhydrin. Substance VII yielded two slightlvy

fused spots, distinguishable by their differing intensity. Rf equals 0.21--U.24.,

'which points to the presence of gam a-D-glutan7l-D-gliktamic acid and alpha-D-l.

Sgluitamlfl-Dglutamic acid. Substance VI -showed a very intensely colored spot

of the gamma-D-glutanql-D-glutamic acid-alpha alpha '-dimetbylester (Ef equals I
0.50), and a much smaller and only very wekly colored spot of the alpha-D-

glutanyl-D-glutamic acid-gazmmi alpha '-Onothylester (Hf equals 0.34). in

*1 connection with substance Ib the spot Bf equals 0.50 is very intense3y colored,

while the conaiderably saller spot Hf equeals 0.34 barely reached the border

-of sensitivity (about 0.2 ganz&) of the ninhydrin reaction of the alpha-D-

glutamyl-D-glutamnc acid-gamma alpha '-dimet•ylester (XI). Consequently this

impurity in the D-D-atart dipeptide (Ib) with a melting point of 129-130 0C

amounts to less than 0.5%.

Carbobenzoxy-ga•a-D-glutarirl-D-glutamic acid-alpha alpha'-dimethylester 1
(XII; D-D-form). By utilization of the method used in carboxy-lAtion of the :

L-L-utaxt dipeptide, 2.65 g of the D-f-start dipeptide (Ib) yielded 1.68 g 1 7

(47% of the theoretical yield) 'of its. carbobenzoxy derivative (=I) in an i=a-=

lytically pure state. Melting point o09-0Oc. eql/.3 c e a

9.8; methanol).' " jo.
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CarbobenzoW-amma-D-glutamyl-gamma'-D-glutavrl-thiophenol-alpha alpha'-

dimethylester (XVIII; D-D-form). With the method used for production of the

- ' tercisomeric,.•L-coapound (XVIII; L-L-form)), 1.54 g of the carbobenzo2cy-D-

D-"tai• t dipeptide produced 1.15 g (61.7% of the theoretical yield) of the )-D-

,.co"mpound (XVII) in an analytical pure state. Melting point 133-1350 C.

. "ydrobromide of the gama-D-Eutaxyl-garma-D-glutaryl-thiophenol-alp.ha

"alphba•-dimetbylexter (XIX; D-D-form). From 1.1 g of the D-D-thiophenylester

XVIII, utilizing the production method of the bydrobromide X3X (L-L-form), the

-crude D-D-hydrobromide (lIX) was obtained in form of a hygroscopic powder of

nearly quantitative yield.

"(c) Synthesis of the L-D-start dipeptide and its derivatives.

All steps were in imitation of the synthesis of the L-L-start dipeptide

"and its derivatives. In the following, only the amounts of material, yield,

"method of crystallization, analysis data and physical constants are given.

Carbobenzoxy-gamm-Lo-glutacyl-I)-glutamic acid.-aama'-benzylester (VII;

L-D-fom). From .l.8 g Iv (L-form) and 7.7 g ýI (P-form) 8 (47% of the

theoretical yield) of the crude product. Once recrystallized from 180 nl of

"acetic este(:ether1(1:i) 5.24 g, from the mother liquor an additional 2.2 g

melting point 133-13?C. Once more recrystallized from acetic ester: Melting

I.9n 137 38004 alpha] equalsU .lo( equals 8.9; methanol).

Reported: C 60.0, H 5.5, N 5.6,

Found: C 601 H 55,vN .3

Carbobenzoay-gauua-Ie-glutax~l-D-glutamic acid-alpha, alpha I-dimetbyl-gaxzia I -

Alftbensylester. (V=I; L-D-form).. From 7.4 g MI (L-D-form) 4.1 g (52% of the

wq, 07, theoretical yield) VIII- (1-D-form) with a melting point of 104-1070 C. Re-

24
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crystaZllzed from absolute acetic ester (12 m!) 3.15 g with a metigp.l

'of 3o.07 5o830*a, h] equal /o,0.95 ( qul 11,5; acetone)'.. ..:. --

02 H3 0 2 58-5

'Reportced:- C 61,65s -H 6.1., N 5.3, CH30 11J_ . -. < .•;.

Found: "C 61,6, -H 6.3s N 5.3, %,20 .120 " ."--+.

v L-D-:-sta-t, dtipeptid.e; Saym -L-glutan•'l.-:-glutamic acid-alpha al.pha'- :-"+'

dimuethbylesetr (:Ic). From, 3.1 g V31 (L-:O-orm) 1.2 _S (66% of th++ theor~etical

yield) of L-])-strat dipeptide once recrsalied from methanol (7 ml)o -.

Meltin point 11..34°o. alj equl u /.6°P (c eqtuals 5.5; methanoll.

R-,eported: N 9.22 CH30 20.4 "

ST '~

SFound: N 9.4j, CH30 20.3 -
OThe chrozatographi¢ exmntion of ,the product's unitorvity man conducted

r [¶

as in the case of the D-D-start dipaptide and furnished the same reselt,

CarbobenzoV:-gama-L-glutamyl-D-giutamic acid-alpha alpha '-dimetbylester

(XII; L-D-form) . From I g L-D-etart, dpeptide (Ic) 0.5 g (35% of the theoreti-
cal yield) of the crystalline crude przedt; from 4 ml of absolute acetic ester-

ether (1:1) tvice recrystallzedl 0.35 g with a melting point of-136-1370C.'[za._h• equ. als.30 (, equals Siý; .aethnol).' ,

C20 I6 09 N2  (438.4)

Reported:' C 5468, H 6.1, N 6.4 C 1

Found: 0 55.0, H 6.1, N 6.7

Csarbobtdie pde;-L-glutam-l-gaza y-D-glutamrl-thiophenol-alpha alpha.-

dimethylester (XIc)I;'L-D-form). Firs(, an oil permeated with crystals

• ° 25
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0 .. romated -from. 3 g of the carbobeftaoix-L-D-start dipeptide (XII; L-D-form)

sv~~jsci~d: to the- -Trocess used ii the -production of the stereo-isomeric L-L-

compound (XVIII; L-L-form). This oil was dissolved in acetic esters and the

4olutidhn first shaken in water in order to remove the triethyl anmmonium

-idsthen dried'(IKa230,4) and finally condensed under reduced pressure.

-ý, .The resul~tant oily residue qrystallized slowly upon trituriation with absolute

6 ther.. The crystalline product was first recrystal-lized once from absolute

etanol-7ether (i:4),. then' once from absolute methanol. Thepout(.5g

17.9 -o the theoretical -yield): inelted.spottily at 97-100 0 Cs after sintering

ý-t9 .-Die to shortag of materials further purification was omitted.

Hydrobrcmideo;tegrA-glt%3gaa--utwltipnoaph

alpha '-dimethylester (XIL; L-D-form). By use of the method for production of

o hy~drobromide XXX (L-L-form)A' 0.62 g of L-D-tbiophenylester XVII yielded crude

P-!LD-hydirobromide (XIX). in the form of a hygroscopic powder in a nearly quaanti-

tative yield

Conversion of the stere&-jgaeric start dip eptide (I) and its derivatives

to gamm-poly-glut~amic -,id--alph&-methylester of the respective configuration.

Arst- method. ()Production of L.-po3.yester (31a or XVI) from the

-. carbobenzoxyr-L-L-stait "Ve~ide (XII; L-L-form). In a double-necked flask'

-a solution of i.46 g of cabbnoyamaIrltw guai acid-lh

* alpha t-dimethylester -,n I; L-L-form) in 3 ml of the purest, -waterless

-dimethyl forujamide, under exclusion of moistures by ice cooling and stirring,

was mixed first with. 0.47 ml of absolute triethylamine, then drop by drop 'with

a mixt~ure of 0.-32 ml chioroforiric acid ethylester and 2 ml dimethyl formamide.

Stirring-was continued for 10 more minutes. Then the solution which was per-

meated .&wth the cz~st~als of separated triethyl a~mmnium. chloride, was mixed

with -0.5 g of Pd-amimal charcoal (10% Pd); ono neck was stopped With- a gas

26F
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lead-in tube reaching the bottom of the. flask, the other was connected with a.

wash bottle filled-with concentrated sulfuric acid and equipped-with- Geislert'

potash apparatus of known weight. Now a slow current of hydrogen (1 bubble-,, per'-

second) was allowed to pass through the mixture under constant ice coo-ling.,

It could be determined býy temporary interruption of the hydrogen supply a' -

weighing-of the potash apparatus that within 5 hors-about 1 mole (0.15 g) of

C02 had escaped. Since'the yield of 002 had not ceased at this stage, the

treatment'was confiUed. After an additional "21 hours the escape of C02 was"

practically completed-and amounted to a total of 1.36 mole (0.20 g)-. oW the

mixture was centrifuged, the sediment washed once by soaking in 3 ml dimethyl-

formamide and subsaquent centrifugation. The unified solution, after addition

of 0.47 M1 of trietbylamine, was allowed to stand for 3 hours at room tempera-I

ture, then-7'watmed ,t6 6o0 c for one hour and finally boiled down (bath 800c) in[
*-c.•i•. -(20 mu)v i-hr..ýeb. -. viscous broin oil was obtained. This vas thoroughly

" trituriad -6 stim-s n .- 40 ml of absolute other each, then stored in a'vacuum

eksiccAtor Over sulfuric iacid The resultant product, which was greyish due' '

to the adhering cat t," weighed 177 ng (18.6% of the theoretical yield when " f'i~i
applied-to the carbobenz=W-L-L-start-di-pptide, about 9.3% if applied to the

L-L-start dipeptide).. ,The.crude product (Polyester l-a) was treated furherwithout purification.

(b) Prodkution of'the L-pc'yester (Iha) directly from the L-L-start

dipeptide (IU). By mans of chloroformic. acid ethylester. A solution of 2.0 g

of the L-L-start dtpeptide (Ia) in 3.1 in of dimetbyl formamide was first mixed

Iby stirring azd cooling (-M°C) with 0.87 ml of triethylamine, then drop by drop

with a mixture of 0.53 ml of chioroformic acid ethylester and 3 ml of dimethyi.

formamide. Stirring was continued for another 15 minutes, then the precipitated

triethyl amonium chloride was quickly filtered by suction and washed twice

J 27
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wit 2'ml of dimetbyl forrnmide each time. The wash fluid was united with the

S' filtrate and compressed to about 4 ml in a high vacuum (bath 00). This solu-

S0.:: .ion- was mSxed with 0.87 ml of triethylainne and warmed to 40-600 C for 8 hours,

"then allowed to stand overnight, whereby a slighk crystalline separation took.

-place. Ignoring the latter, the mixture was boilod -down completely in a
vacuum (bath 80-C), the residue was dissolved in 5 ml of methanol, evaporated

Sonce more under reduced pressure and the last process was repeated. The re-

s u+lting reddish-Vroun, viscous oil (2.7 g) was dissolved in 15 ml of water, the i
solution was dialysed (cellophane) for 46 hours against a total of 2 1 of dis-

-tilled water (in four parts), then subjected to freezz drying and the solid

polyester stored for 24 hours in the vacuum ezsiccator over P205 . The sand-

-"colored, am.rphous product (polyester 1-b) weighed a total of 688 nmg (38.8% of

the theoretical yield); it was treated further without purification. V
S...- [C-+ 6 " ~ 03 h

S. . --.-- :, c o • - ]

* ~ ~ -Reported:- CH30 21.7. -

Found: CH3022.0 !-

By means of.chloroformic acid-i-propylester. A solution of 2.0 g of the.

.;L-L-stai-t dipeptide in' 12 ml .of. absolute dmethyl formamide was mixed with

"- '3 ml of absolute toluol and compressed to about 6 ml in a vacuum (8- nm; bath

* " " 500°), then the partly precipitated substance was dissolved again by addition

-of 6 ml of dimethyl formamide and mild warming. The solution was mixed first

. with 0.87 ml of trietbylamine, then, accompanied by strong cooling (bath -100 C),

stirred drop by drop with a mixture of 0.72 ml of chloroformic acid-i-propyl-

z ester and 2 ml of dimethyl forbamide. Stirring and cooling continued for

brought to room temperature. Now the solution, permeated with crystals (.tri-

'N J ethyl ammonium chloride) was warmed to 500C for 3 hours, then to 700C for one

28.7
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AIN
hour and then boiled dovin in a vacuum (10 inm). The residue was trituriatedý

with 30 ml of absolute ether and the mixture stored overnight in the refrigera-

tor. After pouring of.? the other, the viscous product, permeated with co Gsl

was absorbed in 20 ml of methanol, the mixture was vigorously boiled down in -a
vacuml of distille waeteslto is lsd(elpae g ins 2.-vacuum, and this process repeated once more. The residue was dissolved in 25 .5

ml of distilled water. the solution first dialysed (cellophane) against. 3 i:

of distilled water (in 4 parts) for 72 hours, then frozen drk. The sand-

colored, amorphous product (polyester 1-b') weighed 773 mg (W.5% of the theo-

retical yield). "

Fc6 H9 03 1143-141V

Reported:, CH3, 21.7

Second method. gama-L-glutamic acid-alpha-nethylester (Ia,, or X•X).

To a solution of 3 g of crude hydrobromide XIX (I-L-form) in 3 ml of absolute

acetone 1.8 ml of absolute trietqylamine was added under exclusion-of moisture

and the solution allowed to stand for 24 hours. Ignoring the cryst&lline

separation (triethyl anmonium bromide), the injor part of the fluid was dis-[

tilled off by means of a heat bath (1000C), then the oily residue was warmed

for 3 hours at l00°C under exclusion of moisture. After cooling, the viscous

residue was covered with 150 ml of absolute ether and stored in the refrigera-:

tor for 12 hours. This caused the product to harden to such a degree that it i

could be trituriated (under ether) to a fine powder. This was centrifuged, h
then washed in the centrifuge 3 times with 70 ml of ether each, 3 times with

30 ml of water each, times with 50 ml of acetone each, and finally twice with

50 ml of absolute ether each. The nearly colorless product thus obtained

(L-polyester 2) was dried first by air, then in the vacuum exsiccator over P2 05 .

29
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, i- ld 400 mg (2l..2% of the theoretical yeld applied to carbobenzoxylated

: 2 .; phednywIestsr XV P about 6.8% applied to the L-L-tart dipeptide).

Rkeported: C 50.4, B 6.3, N 9.8j, CH30 21.74

Found: C 49.6, H 5.7s, N 9.6, C 30 1.9

"gamma-poly-D-glutamic acid-alpha-methylester (IIb, or XXI). The crude

. ydrobromide XIX (D-D-form) obtained from 1.1 g of carbobenzox-gamma-D-glutanl-

gamma'-D-glutanyltbiopheno1-a1pha alpha '-dimethylester (XVIII; D-D-form) was

converted by means of the aforemntioned method. The product thus obtained

.(D-polyester 2) weighed 139 mg (23.4% of the theoretical yield applied to

"carbobenzoxylated thiophenylester XVIII, about 7.2% applied to the D-D-start

d--ipeptide).

mesoid ganma-poly-glutamic acid-alpha-metbylester (IIc, or XXI). The

crude hydrobromide XIX (L-D-form) obtained from 620 mg of carbobenzoxy-gamma-
IýL lutwlthoheol alpha <te (X=II) was

L-glutaz l-gamm= -D-gutamwIthiophezol-alpha -dimethylester

converted -in the aforementioned manner. The product thus obtained (L-D-poly-

ester 2) weighed 220 ma (654% of the theoretical yield applied to carbobenzoxy-

-lated thiophenylester XVII," 4.*% applied tG tie L-D-start dipeptide).

Third method. gau-poly-L-glutamic acid-alpha-methylester (lha). 2.3 g

(0.11 mole) of freshly diatilled dicyclohexylcarbodiimide was dissolved in a,

solution of 3.2 g (0.1 mole) of the L-L-start dipeptide (Ia) in 6.5 ml of di-

methyl formamide. A strong self-heating followed, and about 10 minutes later

separation of dicyclohexylurea commenced. The reaction mixture was heated

i under exclusion of moisture for 4 houra in a boiling water bath, then cooled

off. The dicycl.ohexylurea (1.7 g) was itered off by suction and washed on

.30-
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the filter with ice cold dimethyl formamide. The united filtrate ,cs evapo- [
rated under reduced pressure (20 m; bath 900C), the viscous residue was f"
digested repeatedly with a total of 200 ml of absolute ether until it cruibled"

into a powder. The product- thus obtained (2.4 g) represents a mixture of the.
Samorphous polyester (L-polyester 3) and crystalline dicyclohexlurea (retained.

amount calculated at 0.8 g). Yield of polyester about 1.6 g (56.3% of the

theoretical yield). Since the urea derivative could not be completely removed,

the mixture was directly utilized for production of gamma-pc.ly-L-glutamic acid.

gamma-poly-D-glutamic acid-alpha-metaylester (IIb). 1.35 g of the D-D-

start dipeptide (Ib) yielded, by the aforementioned method, 1.3 Z of a powder,

product, which represents a mixture of the amorphous polyester (D-poluester 3)

and crystalline dicyclohexYlurea (about 0.5 g).. Yield of polyester about 0.8 g

(66.7% of the theoretical yeild). The product was utilized directly for the[

production of gamma-poly-D-glutamic acid.

•r.
I-

I:Fourth method. gantna-poly-L-glutamlic acid-alpha-methylester (h~a). An
ice cooled suspension of 3,22 g (0.01 mole) of the L-L-start dipeptide (Ia) in

15 ml of absolute chlorofom was first mixed with 1.39 ml (0.01 mole) ol tri-

sthylamine, then drop by drop by shaking with 1.45 ml (0.01 mole) of chloro-

formic acid-thiophenylester. A considerable part of the converted substance

dissolved immediately by self-heating. The mixture was shaken by machine for

4 hours in a closed container, the unreac%.ed start dipeptide (0.55 g) filtered

out, the filtrate shaken twice in water, once in diluted hydrochloric acid,

twice more in water, then dried with Na2 SO4 and finally boiled down at room

temperature under reduced pressure. There remained a yellowish, viscous oil

which was turned into powder by repeated trituriation with ether. This .pri-

ma-y conversion product," weighing 1.3 g, could not be crystallized. It was

* 
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+ + .- •,,cgnvorted polyester.
,++ • • • +•"++ • ++ + • + ++, + ++ ++- . . . .+++++ + "/+ +++++ •?++ +" •e i!•++z•ry conversion product" (l.3++g) was dissolved in a mlx•ure of

^ +
-+++ +• +'. +,•+

<__• . < : . o+-:•.•+.++ .
-+• + ÷ -. , +C+m +++• +• +& ml of :absolute pyri•me and 16 ml of absolute ben•-ol. •ithin a few minutes

''- <+" " = +s• +•mdne+++•s noted; The mixture ms hemed in a bath o£ 90°C under

S-:•:•£: k •lusion Of moisture, whereby the s+ep•ration of the substance progressed and

S+ +• +the solution turne• a •y yellow. After 60 hours the separation of the pro-

" " •" ÷" duct •as practic•l•!y••. completed. The substanc• was isolated in the centrifuge,
.• :- - ,..+ 4=%

•_ "++ :_-++'++ washed several times •ith absolute acetone and then with absolute ether+ and
S•-- ::'+'+i- fln• •d•ied in the vacm• exsicc•tor over sulfuric acid. The polyester thus

!! +
"++ +Sobtained (L-polyester •) represents a lightly sand-colored,, amorphous powder.

S+ '+
+:='++.++ o'Yiol• 610 • (25,• of the theoretical Field applied to th• •-L-s•rt •ipepgide,

,+ ";:+.•+31eas •e • that was not converted)++ For the p•se of analysis, a sample

S: •aS+: dis•ived in methanol, precipi•ted with ether, centrifuged, and dried in

+ ? •+: +L.+-• +.

OoQ+,i : + +<++; +++
I - +,• "++" "':- " L -7+- .• ---J;• L_ .' .• " -.
i +•+ +: ++, P, eportod: C 50.£,, H 6.3, g 9.8, ¢'d•O 21.7 +

S, /: 2++-
:.' "'" Found: C A9.5, H 6.1, N:9.9, OH30 21..0

+i • DeEradaticn Of •a•e.a-poly-•-g•lutamlc acid-al•'•-met•ester for the pxU'--

- pose of constitutional determination. 100• of the polyester obtained by the

second method (L-pol•ester 2) in I0 ml of liquid ammonia was •allowed to stand

in a bomb tube for 72 hours at room temperature; durin• this time the substance
dissolved almost completely. After the ammonia had escaped from the opened tube,
the solid residue was washe• in the cant•IfuEal tube twice with •0 n•. of water !"

each,+twi•e with a homogenous mLxture of •lcohol and ether, and finally three•i +• times with 30 ml of absolute @ther e•cb. The white, amorphous polyamlde (IIa;



OR equals NH2 instead of OC3)., dr•ied fir.st by air2 then :in the vacuum exisccat~r,

over P205, weighed 62 mg (69.3% of the theoretical yield). A sma~ll mpe•o'i•
I analysis was dried for 5 hours more in the pistol over P205 at 800 C..

Reported: N21. ...

Found: N 20.6

It should be mentioned that the polyamide produced iii the same manner

from SPP via the imethylester contained the same amount of nitrogen (20.t%)(32).

50 mg of the poJyamide was'treated with 0.98 ml of 2.68% a •aLne sodium

- hypoahlorite with frequent rotation, first for one hour at room terperature,

then 15 minutes at 600 C, whereby the substance dissolved almost completely.

After addition of 10 ml of 6n-hydrochloric acid the Polution was boiled with
reflux for 30 minutes and then evaporated under redveed pressure. The residue

was dissolwvd twice in 2 ml of water each, and the solution boilvd ,1omn under*

reduced pressure. The residue thus obtained was mixed with 1 ml of a freshly !

produced solution of p-nitropherqlhydrazine in n-hydrochloric acid, which had

been saturated at room temperaturec The mixture was dipped for a few seconds

into a bath of 70°C and allowed to stand for 15 minutes under ice cooling. The

beta-formylpropionic acid-p-nitropherxiyv-l-azine, which had separated in
crystalline form., was filtered off by auction., washed on- the fV.ltez- twice 'with!

1 ml of ice cold water each and finally dried in the vacuum ezsiccator. It

weighed 20 mg and melted at 172°C. A single recrystallization from 1 ml of

water produced an analytically pure product, which melted at 17?°C in agreement

with the literature (33) and did not show a depression in a mixture test with

an authentic preparation with a melting point of 17700.

30 mg of the polyamide uas treated with sodium hypobhlorite in the afore-

mentioned manner, and the solution diluted to 4 ml with water. One half of this -

33
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4f 0.7mgaiviainbtyi acid frproof ofalpha gmadaio

~'- buyrt amdwhich is charactaristic (SAO.) of the alpha-glutanr1 bond. Each

-- midxed- with 2 ml of fuming hydrochloric acid and boiled with reflux

-tor hotei~r The cooled off solutic-n was extended in fte apparatus with ether

N1or the- purpose of'removal of betA-toivrylpropionic acid, then steamed dry under

'7--reduced pres ~x-&The residue was, mixed with 5 ml of ice cold, fuming hydro-

-;-cioicacid, tie separated NaMl filtered off and the filt~rate evaporated uade .

-,reduced prpesaurs. This treatment of the residue with fuming hydrochloric acid

continue until separation of NaCI ceased. The final residue of bothI

rw*plms s dsoved in 1 ml of vater eahand 0.01 ml from each of the soin-

'tiont sW1Jeoted- to paper chromatography. (Ascending chromatography on 11h.

-papear # solvent r&-tvdtanol-gla~cial acetic acid-.water 4:105; development with I
ninyd~X -hile the control test clearly shows they spot of alpha gamm-

i] da)mhebutyr -44d in addkiti&ý to the spot of gintanic acid, the original]

j sampvile fi3e toprodce fstiziod5p.

!!rCdwcti= -of (e tm-d 4  1)l-r of different =ofigar-aton-

~erin tiiesoff0-0-l6001 m&g of -the varilous, polyestera wars heated-

aoutI va; Mteei i razo*, f. iL. traeatng the poa.a

obtained by t-be gct-rth methioo for the- purp"'ose of the undisaled

a th&.4 the. coppor salt of thde payacid wata ipr--'teed a~tN

pH Codjp ('Zýsnlfato kq&-sme,.rt eopei --, vv y) Uith a eaiwra~ad aoblutlon

I&Meo-'r rlt-45 ;-a-trifliged wian 1ýshed ý-4 times iAn

_ 43 jI 4ý a-a am t of it MI(.! vaer The wis. vhis
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amounted to 1 ml per 10-15 mg of saturated polyester. This solution was

saturated with hydrogen sulfide, the excess of the latter removed with an air.-

currenfg, the precipitate was centrifuged and washed twice in the centrifuge. ;

with a small amount of water. The solution, united with the wash wateri was-;

clarified by filtration, if necessary, then dialyzed against distilled water -.

by means. of a cellophann membrane (dialyzing hose). Dialysis was carried out .

until the chloride reaction disappeared; the total quantity of exterior water.,

which had been chinged 8-32 times, as a rule amounted to 12-15 ml to each Mg

of started polyester. The remaining solution was compressed to 10-20 ml in a

vacuum (bath 300 C), then. subjected to freeze drying. Copper(II)sulfide which-

might have been carried over in colloidal form coagulates during freeze drying

and may be removed completely by dissolving the residue in water, filtration

and re-freezing.

We The poly-glutamic aclds thus obtained represent snow-white, dowry products,

which are very easily soluble in water. They do not show a biuret reaction -

Sin agreement with .'LP? an SPP"-,their ninhydrin reaction is onlyv weakly posi-

tive -- in compason mith gammaL-gluta:Wl-Irlutami@ acid; while the limit

of sensitivity in the reaction (tested on paper) lies at about 0.2 gamma 'with

the latter sub~stancej, the synthetic gamm-poly-glutamic acids show a l1mit of

about 10 ganma, in some cases as high as 20 gamma. SP? obtained by thl orin

method (I) has a sensitivity.limit of at least 25 gamma. Table 1 shows a 16O

test data; it should be nted that the yields do not apply to the started poly-

e u- t bt the corrpodng start dipeptide, and this also in those cases where

polytzondensation uaf.ld out with the derivative a not the start dipep-

tidee

.
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:-:(•.i,4')2"[. red product Started polester- Obtained gamca-po~ly-gu.

.,-: , .-- ? ....-- "Methodl Amount (mg) Amout (mg) H2N-N ()Yield()

" •"'()" awnma-pol]y-L-gluo. L-polyester' 1-b 6W2 7, 011 7.1

I'

L-oyse 1-bi 762 13 .6|

' (5)' ra-- oly-L-gl-.. L-polyes,,-e 3 160 90 142 0.49 6.3
A (2 7.,

Spe amma-pody-Dlutti ablseObt d 2 t•6 1a.nsi0abpoly-.

(1) gamtm.-poly--DThs. D-poe ester 3 .90 6 o.6 63 1

ac'msids gynammoa-h'_ oys ~tmthd(•(seteapeddreot

(2)017 gaau-pyL-l L-pol~ysster 2- 688 80 3.16 7.1

cend gamcpomal oay-glu. 'Lsolvyeste 2hedsl-sted in tale 4 1.t0 39nidhabei

dipriy .. Ti ws eozrbl o ., with the se iallactv poly

( obtained strips e.n from the application point and rawn out in the

Sdirecion of travel.. By futher fractional dialysis of these products fractlions

Swere° dialyzed out "whose chromatograms at constant running ti e (20 bus

S~showed shorter and.shorter strips Cemanating. from the point of application)

r *o

(7)i fin~alloy thechroatorm D- of the2 138a e res6u 1.nsste 5.4on

-3. ,



Ssingle, sharply delineated spot at the point of application.
Water and ash constituents are quite readily bound by synthetic gamma-. ' '++

poly-glutamic acids,, as they are by APP and SPP. This has-two consequences:

Firstly, entirely ashless preparations can hardly be obtained by purification

by means of ordinary dialysis, and secondly, the bound water can only be re-.

moved sufficiently fast by drying in the high vacuum pistol at 110-1200C;

4 however,, at this temperature there already occurs a weak decomposition, as

evidenced by slight coloring of the snow white product. The ash contents of

"our preparations fluctuated between < 0.01 and 1.8%. Due to the" strong ten-

dency to bind -water a strict control of the end product by mans of elementary

analsis is not possible; it was determined, however, that the products re-

sulting from freeze drying contain (after storage for 24 hours in the vacuum

Or P205 ) almost enactly 1 mole of bound water to every two glu-

tamic acid residues. Table 2 summarizes a few data of- the elementary analysis;

the drying method"is shown in the last column.

It should be noted here that Waley (14) furnishes analytic data of his

synheicgamma-poly-L-glutamic acid, also obtained by free-m drying, (C 40.9.,

H 59.,N 955),which correspond to 1 mole of bound water to every glutainic,

acid residue (reported: C 40.8,. H 6.2, N 9-5). We did not obsev-:e such a

combination with SPP or APP, nor with our synthetic products; however, this

'was found to be the case in synthetic alpha gamma-poly-glutamic acid (10).

* I It should be mentioned further that the low content of methoxyl in some pre-

paprations, which points to incomplete saponification of the polyester, does

not constitute an insurmountable error in the synthesis. Due to the small.

starting quantities with which we had to cope we utilized the mildest saponifi-

cation method possible, in order,.to prevent possible splitting of the peptide

chain. "

3?
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Table 2

Pr~ducteion Ash 'Drying method
'Poutmet~hod C H N CH3 (ufae) over P205

Itablel-1 % 9% % *22 mm

-,ga.pl--~.,2 42.8 5.4 24 hrs 200 C.

4 44.8 5.? 10.2 0.0 0.0 24 hrs 200 CI5 hrs 1100C
gsa-o2yL-~u -. 4. 6.2- 10.2 1.5 2.2 24 hrs 20C<1 1hr 10000
gamp~L-~.'6 --43.8 a 6.2 1.0 1.2 8 hrs 10&0 C

g~-o~-D-~i7 10.4 - 24 bra 200C

3oza~l-Dgi 8 -'.-43.7 6.1 10.3 1.2 0.0 24 hrs 20PC

±~P -~tide 38551. 0.0 24 bre 200C

-. ~pqxtd %D j0N~HO~- 43.6 . -5.85 20.2

- 4, ..5.' 3.0. 8
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APPENDIX

Comparative serologic tests of synthetic polyglutamic acids of

different constitution. .

by G. Ivanovics

Microbiological Institute of Szeged University

By means of repeated intravenous inoculation of rabbits or horses with

encapsulated anthrax bacilli killed by heat, immune sera are obtained, which
show a precipitating reaction with solutions of natural polyglutamic acids up

to a dilution of several millions (1, 2, appendix). By natural polyglutamic

acids are meant the pol7yglutamic acids isolated from anthrax bacilli (B.

anthracis)(anthrax-polypeptide) and the polyglutanic acid obtained from the:

nutrient of other-aerobic, masophilic sporebearers; (for example., B. subtilis)

(subtilis polypeptide). Both poJypeptides demonstrate the properties of a

hapten (semi-antigen), i.e. their parental dispensation is not followed by

formation of an antibocb (2J3, appendix)."

As a gupplement to the constitutional discovory of the anthrax-polypeptide"
i by et a+ , snthetc O$Alta ac~ids

and subtilis-polypeptide made byrucner al, poJyglutamic [cd
of various constitution were tested for their serologic activity. The test

was accomplished with rabbit and horse sera containing anticapsular immune

bodies; a subtilis-polypeptide preparation isolated by the original method

(5, appendix) served as a comparative substance. Test results are listed in

Tables 1 and 2. Table I contains results of experiments made by means of the

ring test and the agar diffusion method. These data show that a horse serum

containing anticapsular immune bodies is precipitated only by ganma-po~y-D-

glutamic acid and the mesoid gamma-polyglutamic acid. Polyglutamic acids of

"different constitution remained- completely inactive, although this initial

qualitative test was carried out with a moderate dilution of 1:1000.
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It should be noted further in connection with the data of these tables that

aMino nitrogen values .ascertained after van Slyke) are given for the indi-

vidual preparations. instead of their average molecular weight.

Table 1

Constitution of Method of synthesis Amino-N Serologic activity

pDoW-jautamic acid (literature data)%

(lgam~a-poly-D-glu. 4 (method 2) 1.
gam- glT-)9u. .4 (method 4) o .65

(3) mesoid gaia-poo•-glu',- 4- 2.9 .

(4) ganma-W3-L-glu. 4 0.36

'. (5) alpha-poJy--•-lu. 6 0.34 -

i(6) alpha-po,-D-glu. 6 0.12 -

(7) alpha gwa-po2y-L-glu. 7 0.36 -

()alpha ga.. •-por(---.glu. 7 0.43 -

Qualitative test of serologic activity of polyglutamic acids of different

constitution with anti-anthrax horse inmune sera. Dilution .03.

Table 2

Substance Utilized Precipitation Amount of antibody precipi-
S. .i.. . . e serum titer(millions) tated from 1 ml serum (uR)

Subtilis-polypeptid Rabbit-P ' 0.2 844

Rabbit 46 2.5 1231

* Horse 971 2.5 945

Horse-AS 3.0 1790

gam•a-poly-D-glu. Rabbit-P no precipitation

Rabbit 46 2.5 819

Horse 971 2.5 881

* t Horse-AS 3.0 !710.

mesoid zam,-poy-glu.. Horse-A 2.0 1030
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Table 2: Quantitative, comparative test of serological activity of gamma-poly-

D-glutamic acid (Table 1, No. 1), mesoid gama-poly-glutamic acid (Tablel, [
No. 3), and subtilis-polypptide (arina-N 0.20%).

Table 2 shows results .of the quantitative, comparative tests of serologiqc

activity of subtilis-polypeptide isolated by the original method (5, appe - ix),

of gamma-poly-D-glutamic acid (Table 1, No. 1) and of the mesoid gamma-poly-r

glutamic acid (Table 1, No. 3). It appears from these data that the synthetic 3

gamma-poly-D-glutanic acid precipitates horse immine sera in as high a dilution

as subtilis-polypeptide; the maaimal amounts of separated antibody are also.

identical. The mesoid gamma-poly-glutandic acid showed a slightly weaker-

activity in horse serum than ganmma-poly-D-glutamic acid. In rabbit serum 462
]{ only a portion of its antibody content was precipitated by gamma-poly-D-glu-

tamic acid. Oddly enough rabbit serum P, whose precipitation titer was fairly

low, as determined with subtilis-polypeptide, did not show any precipitating

reaction whatsoever with gamm-poly-a-glutamic. acid. The fact that the anti-

body of this imMiUne serum, produced 15 years ago and stored since,, vas still,

able to react specifically with gamma-poly-D-glutamic acid, was proved by its

positive inhibition reaction. In determining this inhibition reaction, a pre-

cipitating reaction of subtilis-polypeptide and rabbit serum P, effected under

optimal ratio conditionis,, served as a basis. This reaction was neutxalized

complately by 150 pg of gamma-poly-D-glutamic acid, partially by 30 pg. For

the -sake of completeness it sbould be noted here that none of the poly-glutamic

acids marked as serologically inactive in Ta~ble 1 had any effect whatever on

the precipitating reaction of rabbit serum P and subtilis-po3ypeptide, not

even in the amount of 650 pg.

Aforementioned finer differences noted between the serologic action of

i ubtilis-polypeptide, gamma-poly-D-glutamic acid and mesoid gamma-poly-glutamic
1434
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P acid,, maiq be caused by variations in average molecular weight or the dispersity

V -,"of these p2ypeptides. These variations are easily recognized by means of

'.. Ouchterlo~ny's agar diffusion method (Sappendix). hl ntecs fsbi

G i-!polypeptide there occurred a less than 1 nwde., vrdinstince l c areokedti

-- preDcipita~tioi2 zone' at a distance of 3 mm from the edge of t~he bore hole con-

taminbg the ismune serum,, the turbidness caused by precipitation in the case

-.of synthetic ga~mma-poly-D-gluta&mic acid appeared in the form of a 3 -uwide.,

Inhomogeneous stripe, idiose edge had advanced almost to the edge of the bore
-hole containing the imune serm This difference indicates that utls

-po2.ypeptide is fairly homodisperse., while synthetic gamma-poly-D-glutamic acid

-represents a strongly polydisperse mixt~ure whose major part consists of comn-

ponents having a lower molecular weight than the major components of subti1l.s-

'polypeptide. This difference should also explain the variable 'action of
ý,_subtilis-polypeptide and gainma-poly-D-glutamic acid in respect to rabbit serum

Pe In this connection earlier observations (9.,10,1 appendix) should be brought I
-otto th efec thtatrxatbdedpnigo rabbit orhorse pasae

&arrec differently., even though thei seificityi idetica.

E4perena resalts suxmmrized in Table 2 are to be supplemented by

conclusions reached in testing of sera which had been absorbed by serologically

active polyglutamic acids. Tests to this effect,, carried out mith horse serum-

j AS, resulted in the following. Table -2 shows that synthetic gainma-ýpoly-D-

glutamic acid precipitates practicallyv the same amount of antibody from horsef serum, AS as subtilis-pol~ypeptide (1790 and ._ý40 jag; the small difference can

be ascribed to a test error). The fluid., obtained after centrifugation of the

precipitate., could not "be brought to reamad precipitation either by addition

of subtillis-polypeptide or of synthetic ganma-poly-D-glutanic acid. IResoid

gamma-poly-glutamic acid xeparated only 1030 pxg of antibody,, but after 'nentri-
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fugation of the fluid and addition of 25 pig of subtilis-polypeptide an addition-

al 687 pg of antibody was precipitated, so that the total amounted to 1717Z ,p•!

However., once the antibody had been peiiae rmteýhresr yte- t •
mesoid gamma-poly-glutamdc acid under optimal ratio conditions of both soiutins.,_

additional mesoid gamma-poly-glutamic acid d1d not cause renrwed precipitation-

from the centrifuged fluid.

In sunming up it my be said that the results of serologic tests are_ in

"complete agreement with those of chemical experiments on the immne-specific.

polypeptide-like hapten of the anh-rax-subtilis bacilli group. Moreovcr. in

our opinion these test results demonstrate a very interesting example of immune-

specificity. It is clearly evident from the results of serologic tests that

the reaction of the anticapsular anthrax antibody is structure-specific in

respect to .the constitution of jolyglutamic acids, since of the latter only

gamma-poly-glutavic acids of corresponding configuration show serologic activ.ty:

but not so alpha or alpha gamma-poly-glutamic acids. Furthermore this reaction

is stereo-specific to a degree which has yet to be discovered, since of the

gamma-poly-glutamic acids only gamma-poly-D-glutamic acid and mesoid gamna-polyi-

glutamic acid are serologically active, while gamma-poly-L-glutamic acid shows

no serologic activity. Ifnether or not the weak serologic activity of mesoid

gamma-poly-glutamic acid is really to be ascribed to its oi constitution, i.e.

to the presence of 5C% of gamma-L-glutamic acid r.isidues, must be reaffirmed

by additional. tests,, since the subst~ance tested here had a nuch hig&her -.ontent

of amino nitrogen (i.e. probably a much lower molecular weight) than gamma-

poly-D-glutamic .acid.ý

Methods.

The subtilis-polypeptide used for comparison was isolated in accordance

-with the original method (5., appendix).
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0 " The rabbit immune sera were prepared by Tomcsik's and Ivanovics' method.

-6-ac-f these (designation: PF) had been produced iný 194C0 and stored since that1 time, while the other (46) was made Just prior to the start of the experiments.

The horse immune sera were prepared by tie Institute of Vaccine Production

*-- ("Phylaxia", Budapest) in 1940, and this by inocu.lation of horses with live,

- ..avirulent, encapsulating anthrax bacilli.

In order to determine the precipitation titer, dilution series according

'to the principle 6f double dilution were prepared from the solution of the

substance to be tested, and 0.2 ml each of these samples were mixed with 0.2

ml each of the serum, which had been diluted 1:2. Incubation: 48 hrs at 4C;.

The serologic inhibition reactions were condueted by a method similar to

that employed in determining the precipitation titer. Samples of subtilis-

... polypoptide solution diluted to the degree of optimal precipitation were mixed

first with varying amounts of polyg•itamic acids to be tested, then with the

serum.

The quantitative wecipitation tests were carried out as follows: In a

cooled centrifugal tube, 1 ml of serum and 25 pg of the substance to be tested

-" - were mixed in 1 ml of solution, the ixture was stored in the refrigerator for

48 hours, then the precipitate was centrifuged off and washed twice by soaking

in 5 ml of ice cold brine each, followed repeated centrifugation. The pre-

cipitate thus obtained was decomposed according to Cleghorn's and Jendrassik's

- method (.1," appendix) and its nitrogen content was ascertained with Nessler's

reagent by means of three parallel determinations. Product nitrogen pg 6.25

was designated as the quantity of precipitated antiboc•y.

The diffbsion of the po3l.ypptides was tested by Ouchterlony's method (8,

appendx) in agar gel prepared from buffered brine containing 1% agar. The

edges of the two bore holes containing the serum and the solution of the sub-

° st3ahcei to be tested were 9 mm apart.
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